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Abstract

RHIC operated in fixed target mode at beam energies
4.59, 7.3, and 31.2 GeV in 2019 as a part of the Beam En-
ergy Scan II program. To scrape beam halo effectively at
the fixed target which is 2.05 m away from the center of the
STAR detectors, lattice design with relative large beta func-
tion at STAR was implemented at the two lower energies.
The kickers of the baseband tune (BBQ) measurement sys-
tem were engaged to dilute the beam transversely to main-
tain the event rate except for 31.2 GeV/nucleon. In addition,
beam orbit control and/or tune chromticity adjustment were
used to level the event rate. This paper will review the oper-
ational experience of RHIC in fixed target mode at various
energies.

INTRODUCTION

Beam Energy Scan (BES) at RHIC [1] was aiming to in-
vestigate the first-order phase transition and location of the
possible critical point [2—4]. The luminosity drops signifi-
cantly with decreased center-of-mass (CoM) energy in col-
liding mode. It is extremely difficult to accumulate enough
statistics with colliding beams at CoM energy as low as 3
GeV/nucleon. Therefore, fixed target experiments [5] were
proposed as part of BES to extend the energy range. At
the same time, fixed target experiments also compliment
the physics data taken in colliding mode at the same CoM
energy. The operation of fixed target experiments at some
beam energies has already been tested or conducted in re-
cent years at RHIC [6,7].

Figure 1: Picture of the STAR gold fixed target. The target
was inserted in the lower part of the 75 mm beam pipe.

The fixed target is located 2.05 m west of the center of
STAR detectors. Fig. 1 shows the fixed target, which is 1
mm gold foil with the edge 2 cm away from the center of
the beam pipe. The shortest distance from the center of the
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beam pipe to the edge of the fixed target is identical to the
radius of the beryllium pipe.

Only 12 Yellow bunches were injected into equally dis-
tributed buckets for the fixed target experiments. The beam
were lowered vertically using local orbit bump to scrape
beam halo on the target. A variety of measures have been
employed to keep a more or less constant rate around 1.6
kHz, which is the upper limit for the rate without increas-
ing significantly the detector dead time. The operation of
fixed target experiment at 4.59, 7.3 and 31.2 GeV/nucleon
are presented in this report.

4.59 GEV/NUCLEON

The 9 MHz cavities were used at 4.59 GeV/nucleon for
the fixed target experiment. This contributed to good life-
time therefore the long store length shown in the lower plot
inFig. 2. A typical store and the event rate at STAR for fixed
target experiment at 4.59 GeV/nucleon is shown in Fig. 2.
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Figure 2: The upper plot shows the fixed target event rate
over the time period of a physics store. The lower plot shows
the beam intensity evolution during the store, DC beam in-
tensity in light yellow and bunched beam intensity in dark
yellow.

The beta function at STAR collision point is 10 m. The
rms beam size at the fixed target location is 1.8 mm. At the
same time, the beta function/beam size at the final focusing
quadrupole is reduced by ~ 40 % with 10 m beta star com-
pared to that with 2 m beta star in colliding mode. There-
fore, the background was well under control during the store
(the upper plot in Fig. 3). For this particular store shown in
Fig. 2, only orbit control (lower plot in Fig. 3) was applied



to level the event rate at about 1.6 kHz. For another store at
4.59 GeV/nucleon, both orbit control and BBQ kicker were
employed to keep the event rate constant as shown in the
lower plot in Fig. 4.
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Figure 3: The upper plot shows the BBC singles rate (equiv-
alent to background) over the period of a physics store. The
lower plot shows the orbit variation for controlling the event
rate. The BBQ tune meter kicker was only turned on briefly

to maintain the rate in the end.
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Figure 4: The upper plot shows the BBC singles rate (equiv-
alent to background) over the period of a physics store. The
lower plot shows the orbit variation and BBQ status for con-
trolling the event rate. The BBQ tune meter kicker was
turned on during the later half of the store to maintain the
rate.

7.3 GEV/NUCLEON

The 28 MHz cavities were used at 7.3 GeV/nucleon for
the fixed target experiment. The beta function at STAR
collision point is 10 m. A typical store and the event rate
at STAR for fixed target experiment at 7.3 GeV/nucleon is
shown in Fig. 5. For most of the stores, the event rate was
kept more or less constant by applying orbit control. The
steps of the background seen in Fig. 6 were associated with
the vertical orbit adjustments.

The working point also played a significant role during
fixed target experiment at 7.3 GeV/nucleon. The beam life-
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Figure 5: The upper plot shows the fixed target event rate
over the time period of a physics store. The lower plot shows
the beam intensity evolution during the store, DC beam in-
tensity in light yellow and bunched beam intensity in dark
yellow.
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Figure 6: The upper plot shows the BBC singles rate (equiv-
alent to background) over the period of a physics store. The
lower plot shows the orbit variation for controlling the event
rate. The BBQ tune meter kicker was not used to maintain
the rate.

time was worse with working point (0.215, 0.240) com-
pared to that with (0.235, 0.229) as shown in Fig. 7. With
worse lifetime, collimator was engaged to control the beam
halo so the event rate was at an acceptable level (Fig. 8).

31.2 GEV/NUCLEON

The beam lifetime at 31.2 GeV/nucleon was significantly
better than those at the other two energies. The goal of 50
M events was achieved within one physics store (Fig. 9).

The beta star was 5 m for fixed target experiment at 31.2
GeV/nucleon. The rms beam size at the target is only about
0.5 mm. Therefore the event rate was extremely sensitive
to the beam position once beam is scraping on the target.
It was found that the BBQ kickers were not strong enough
to blow up beam emittance in a reasonable amount of time.
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Figure 7: The upper plot shows the beam loss rate for two
stores: high beam loss for the first one with working point at
(0.215, 0.240), low beam loss rate for the second one with
working points at (0.235, 0.229). The lower plot shows the
beam intensity for the two stores.
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Figure 8: The upper plot shows the fixed target event rate
over the time period of a physics store. The lower plot shows
the orbit variation and collimator position for controlling
the event rate.

A desirable event rate was only achieved when the horizon-
tal emittance was diluted by instability with a close to zero
chromaticity. The emittance evolution during the fixed tar-
get operation at 31.2 GeV/nucleon is shown in the upper
plot in Fig. 10.

SUMMARY

This report summarized the operational experience for
fixed target experiments at 4.59, 7.3 and 31.2 GeV/nucleon.
Various measures have been taken to level the fixed target
event rate and background. These measures include large
beta function at the collision point, blowing up transverse
emittance with BBQ kickers, orbit control for event rate lev-
eling, tune and chromaticity adjustment for controlling the
event rate. These measures will be applied for the future
fixed target experiments at relative low and high energies.
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Figure 9: The upper plot shows the fixed target event rate
over the time period of a physics store. The lower plot shows
the beam intensity evolution during the store, DC beam in-
tensity in light yellow and bunched beam intensity in dark
yellow.
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Figure 10: The upper plot shows the emittance evolu-
tion during the store for fixed target experiment at 31.2
GeV/nucleon. The lower plot shows the orbit variation for
controlling the event rate during the store.
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